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SIMULATION OF TRANSITION CROSSINGIN LAMPF II*

J. L. Warren and H. A. Thiessen
Los Alamos National Laboratory, Los Alwnos, NM b1545

Ym?u!
LAMPF 11 is the proposed ranid-cycllnq synchro-

t.ron that will take O.B-GPV protons from the LAMPF
linear accelerator and raise them to 3? GeV.

‘arl!design modt?ls werp hased on a 6CI-HZ cycle with 10
protons to be accelerated per Cvcle, Any reasonable
magnetic lattice results in th~ proton beam going
throuqh a phase transition. A general accelerator-
simulation code that includes the effect of 10ngitu-
dinal spac~ charge, ARCHSIM, has b~en used to study
the transition ir a typical achromatic lattice. The
beam remains stable throuqh the transition.

Intrndwction_

A propnsal is in preparation for a 3?-GPV rapid-
cyclinq proton sychrotron (LAMPF 11) that will he
injected with 0.8-Gev protons from LAMPF. Details of
the proposedl accelerator are qiven ~lsewhere in thes~
prnceedil,gs. LAMPF is a 170-H~ machine. LAMPF 11
is heinq de:iqned for M x 1014 protnns/s, which meanr,
either 101 ‘ at 60 Hz or 7 x 101~ at 70 Hz. Eith~r
would rwult !n rouqhly ?Ofl-700 ~unch~s spread arourld
an I.170.m-radius rinq. Each hunch would cnntaln
“.lO1l protons. Lpace-charqe effwtr, could he imPor-
t~nt, especially npar the phase transition. Flllnch-
Iength oscillations dPd longitudinal Pmittance qrowth
can nrcur .lIi$taftt=r transition and could Iimlt, th~
beam intensity.2 All of thp magnt=tic lattic~s <tldicd
<n far reslllt in a phase transiting near 17 GPY. ]t

is prnhahlv not rpasnnable tn deslan a machln~ without
a trans!tlnfl hPcaIIse, pvpn if transit,120n caus@< proh-
lcms, ther~ nxist sevpral knnwn Clms.

In thii rIrocF<s of studying varlolls arcpl~r~tlnn
<rh~mrc,, a simulatlnn cnde railed ARCH51’4 wat rlevel-
,I[jfir!,Thl\ COCIP also includf?< lnnqitudlnal sflncP-
cl,.,rg~fnrcos in tho kick ,\pprnKimatinn.
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The folmula for the enerq,y kick in terms of the
rf phase QI is

where rp iS the c~assical proton radius, IK2 the reSt
mass enerqy, mc’.r the proton energy, h the har-
mnnic number, ?YR the machine Circum( ,rence, b the
beam pipe radius, a the beam radius, J) the linear
density of cl,.~rqealong thp beam. and L the distance
alonq the rfnq since thp last kit<.’

ARCt!S!M :urned out to be iaeally suited to stud.y-
inq the effect of phase transitim. This paper qives
a short description of AR~HSIM and shows an example
Jf transition crossinq in MI ear’ly des}gn ,model of
LAqPF 11, In this example no emittance growth war.
oh<~r~ed.

~~~rrlption of ARCHTIM

Fiqljrp 1 is a simplified flow chart. The inDut
suhroutin~ lo,~ds the COIIIF\ltPrwith qmeral control
paramctprs such as thp timp to cnmpl~te an accelera-
tion cycle, numh~r of particles to he used in thp
simulation, print and IJI(,lcontrols, etc. The eflit-
tancp of the injected beam is Slmuldtpd hy assr,ciatinq
a random fi-11phase-space vertnr with ~ach Injwterl
particlp and mquirinq that vectnr to h~ in a certain
phase-spacp pllipsniri, Thp ellipsnirl can bp nffs~t
frnm tb cpnter of pha%~ ‘,pac~ in an oscillatory mal-
npr t.1 ~,imulatp humpinq of thr incidmt hram trl
inrrf,a<o its mittance and dpcreasp ;pace-charq~-forc~
effects, Thr <ynchrntron is simulated by a rino with
a certalr, nllmh~r of nodal pnint< (Fiq. ?). At th~’.~
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Fig. 2. Example of accelerator with four nodes.

nodal points a nutier of things can occur, The par-
ticles may be: accelerated (ACC); given a space-
charge-force kick (SCK); and/or given a kick from a
time-dependent quadruple (TOO), a skew quadruple
(SKQ), or an octuoole (OCT). At a node, one can mak~
phase-space plots such as those shown in FIQs, 7
throuqh 5 (pLT). One also has the option of printinq
out various kinematic parmeters such as turr, number,
time,momentum, rf voltage, rf phase, relative Laslett
tune shifts, etc. (PRT). The linear space-charge dis-
tribution used to calculate the space-charqe kick also
Is updatedht a nose (SCO). Particles that have moved
outside the admittance of the beam are also tagged at
nodes (LOST). ?articles are transported between
nodes, using matrices calculated from a s~cond-order
transport code such DIMAT’ TRANSPORT
(AOV).$ The code presenf;y handles 1~0 particles,
100 nodet, and up to 10 different transport matricp%
between nodes, It could be expanded :f instulled on
a faster, larger computpr.

The input subroutine also loads all the transport
matrices and makes minor adjustments in the matrix
@lements to insure that they ar~ synplectic (SYMPL).
This ~, Important because small ●rrors qrow larqe
sft@r 1? OOn turns around the i inq. P L05 Alamo<
int~rnal report describing tniz snpl~ctification
proc~sf is in preparation.’ Th@ Input suhpnutine
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Fiq. 4. Vertical phase space after 50 turns. at end
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The phase g changed slowly until transition where
it was switched to (n - q).

The longitudinal space-charge distribution and
kick are shown in Fig. 6 at 500 turns. The maximum
space-charge kick represents U3.4% of the rf kick.
Transitloll occurred during the 1330th turn. The lon-
gitudinal phase-space distribution beccms quite nar-
row (Fig. 7). Maximum space-charge kick rose to 1.1%
of the rf kick. After transition, the rf phase
increased slowly toward n at the end of the cycle.
Nothinq dramatic hamens. Fiqure 8 shows longitudinal
phase space at 2000” turns (E = 16.9 Gev). -

FiQ. 6, Lnnaiturtinal space-charqe ‘i~nsity and spac@-
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Fig, 8. Longitudinal phase space after 2000 turns.
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